
DEPARTMENT OF COMMERCE 
FREDERICK H. MUELLER, Secretary 

W E A T H E R   B U R E A U  
F. W. REICHELDERFER, Chief 

MONTHLY WEATHER REVIEW 
JAMES E. CASKEY, JR., Editor 

Volume 87 Closed  February  15,  1960 
Number 12 Issued March 15, 1960 DECEMBER 1959 

A CLIMATOLOGICAL  ANALYSIS OF TWO  YEARS OF 
ROUTINE  TRANSOSONDE  FLIGHTS  FROM JAPAN 

J. K. ANGELL 
US. Wenther  Bureau,  Washinqton, D.C 

[Manuscript  received November 13, 1959; revised December 24. 19591 

ABSTRACT 

A climatological  analysis is made of Navy-sponsored 300-mb. and 250-mb. constant-level  balloon  (transosonde) 
flights  launched  from  Iwakuni,  Japan,  between  September  1957  and  April 1959. Since the  transosonde  naturally 
provides  information  in a Lagrangian  frame of reference,  treated  are  the  trajectories  and  trajectory  dispersion,  the 
magnitudes  and  periodicities of the velocity  and  ageostrophic  velocity  components  derived  from  the  trajectories, 
and  the  separation  between  pairs of transosondes  as a function of time  after  their  release.  In  addition  to  the  research 
benefits,  the  usefulness of transosondes in providing  routine  upper-wind  data  over  the  oceans is pointed  out. 

1. INTRODUCTION 

Between  September 1957 and April 1959, the  United 
States  Navy  launched  transosondes on an  operational  basis 
from the  Naval Air Station  at  Iwakuni,  Japan. A previ- 
ous  article [I] gave  some  preliminary  results  based on the 
first 6 months of transosondc  operat'ion.  The  purpose of 
this article is to discuss the  more  purely climatological 
results  obtained from the  full 2 years of operational 
transosonde  flights. 

2. THE  TRANSOSONDE  SYSTEM 

The transosonde  balloon  in use between 1957 and 1959 
was 40 feet  in  diamet'er  and had a  volume of about' 34,000 
cubic feet.  The  natural floating  level of this non-expan- 
sible  balloon was determined  by t'he  balance  between 
buoyancy  force  (a  function of environmental  temperature) 
and  the  total weight of the  system. Owing to  the con- 
tinual loss of helium through  the  skin of the  balloon,  the 
transosonde  could be maint'ained  at'  constant, e1evat)ion 

* This work was supported  by  the U.S. Navy,  Bureau of Aeronautics and Naval 
Rcs:arch Laboratory in co?nection with a transosonde prohlem. 

only by means of a  ballast  system  activated  by 
graph. Of the 700 pounds  carried  to 300 mb. 

a  baro- 
by this 

balloon,  over 400 pounds  consisted of ballast. A- tend- 
ency  for the  natural  floating level of the transosonde  to 
rise  as ballast was dropped, was counteracted in 1958 by the 
addit'ion of a  fan which  mixed air  with  the helium  within 
the balloon and  thus  reduced  the  lift.  With  the addition 
of t'he  refinement,  the  transosondes  seldom  deviated  more 
t,han 1000 feet  from  their  prescribed  flight  altitude. 

For  the purpose of telemetering  information,  each  transo- 
sonde was equipped  with  a  50-watt  transmitter which 
operated for  15 minutes  every 2 hours a t  alternate frequen- 
cies of 6,  13, and 19 megacycles  per  second. The  transo- 
sonde  position  was  determined by  means of radio  direction 
finding (RDF) bearings  on  these  signals. This positioning 
was carried out by 20 R D F  stations of the  Federal Com- 
munications  Commission  located  within  the  United  States 
(including  Alaska and  Hawaii)  and  by  the two RDF 
networks of the U.S. Navy  in  the Pacific  Ocean area.  The 
bearings taken  by  individual R D F  stations were  analyzed 
in  Washington, D.C., and  Pearl  Harbor,  Hawaii, and a 
most.  probable  transosonde  position  was  determined  to  the 
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FIGURE 2.-Transosonde  trajectories,  for  flights of one or more  days  duration,  .from  September  1958  to April 1959.  Dashed  trajectories 
represent  flights a t  300 mb., solid  trajectories  flights a t  250 mb. 

nearest  0.1  degree of latitude  and  longitude. In  adtlit~ion, 
a rating of accuracy  was  given  each fix based on the  area 
of intercept of t'he bearings. All calculations of the wind 
and derived parameters,  presented in this  paper,  are  bmed 
upon the distance  and  direction  traveled  by  the  transo- 
sondes as a function of time, as determined  from  sequential 
transosonde  positions  obtained  from  the RDF networks. 

3. TRAJECTORIES  AND TRAJECTORY DISPERSION 

Figures  I  and 2 show the trajectories of those transo- 
sonde  flights which were tracked  and positioned by t,he 
RDP networks  for  one  or  more  days. The flight>s a t  150 
mb.  during  February 1958, served  to  test  t'he  suitability 
of the transosonde  syst'em  for flight's at  levels where,  in 
the foreseeable future, t,here would be no int'erference with 
commercial jet a,ircraft,. The change  in  t'he  usual  transo- 

sonde  flight  level  from 300 mb. to  250 mb.  in October 
1958 wa,s brought  about  by a similar  change  in  the pres- 
sure  surface  analyzed by the  Xational  Weather Analysis 
Center  (SAWAC) . 

It' is seen from figure 1 that  in  November 1957, flight 
44 was  over  Great  Britain 4 days  after release  from Japan, 
yiclding a n  average speed along  the  trajectory of 105 knots. 
Because of t'he  rapid  eastward  movement of the transo- 
sondes  during  November 1957, and  the complaints of cer- 
tain  nations wit'h regard t'o overflying Eurasia with such 
balloons,  t'he  flight duration  during  the  winter  months of 
1957-58 was  pre-set at 5 days,  even  though flights of 7 
days durat'ion were quite feasible. During  the  winter of 
1958-59 the transosonde  flights were limited  to 4 days 
duration  in  order  to  avoid  interference  with  t'he activities 
of commercial jet  aircraft  over  t'he  Atlantic Ocean. Of 
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D a y s  

FIGURE 4.--R/lCan latitudinal (crosses) and  longitudinal  (dots)  standard  deviations of position as a function of time  after  transosonde 
release for all 1957-1959 flights of four or more  days  durat,ion. The lines  represent  the fit of the  indicated  analytic expressions t o  
the  observed  values (t in  days). 

the 230 transosondes  released  during  these 2 years, 179 root  mean  squwe of t'he latitudinal  and  longitudinal dis- 
were tracked  and positioned hy RDF stations for a t  least tances between mean  and  individual flight  positions  for 
1 day, 152 for a t  least 2 days, 116 for a t  least  3  days, all 300-mb. and 250-mb.  flights of four  or more days  dura- 
and 83 for a t  least 4 days. tion.  Figure 4 shows these  latitudinal (crosses) and longi- 

Figure 3 shows the (smoothed)  percentage of transo- 
sondes  released  which  were  located  within 10' latitude- 
longitude  "boxes"  from I to 4 days  after release  from 
Japan.  In  the mean  for  all  flights,  t>hc  maximum  per- 
centages  are  located  near 180' longitude 1 day  after release 
and  just  to  the west of the  State of Washington 2 days 
after release. Three  days  after release, in  the  mean for 
all  flights,  the  band of maximum  percentage  extends  from 
140' W. to  the Mississippi River, while 4 days  after release 
the  maximum  percentages  arc  centered  over  the  State of 
Kentucky  and  an  area  somewhat  to  the  west  of  Baja 
California.  One would judge  from  figure  3 that  in all 
three seasons there  are  two  dominant  circulation  patterns 
over the  northeastern Pacific and  North America,  one of 
which  carries  the  transosondes  eastward  across  the  United 
States while the  other  carries  the balloons into a transo- 
sonde  "graveyard"  to  the  west of Baja  California.  This 
tendency for transosondes  to  congregate  near Baja Cali- 
fornia, is of practical  importance since many  storms influ- 
encing  southern  California  and Arizona are difficult' to  
position  owing  to the  lack of conventional  upper-air data 
in  this region. Also of interest in  figure  3 is the concen- 
tration  in  transosonde  position 1 day aft,er  release during 
winter  which  indicates the steadiness of the  wintert'ime 
winds  over and to  the  east of Japan. 

Of the latitudinal  and  longitudina1 standard and  computations indicate 50 percent of the  transosondes  are to 
FIGURE 5.-Ellipses delineating the areas  within  which  observations 

deviation Of transosonde  position a given  number Of days be  found a given number of days  after  release  from  Iwakuni, 
after release  were  determined by  direct  evaluation of the Japan. 
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FIGURE 6.-Distribution of 6-hour-average  wind speeds obtained 
from 1957-1959 transosonde  flights at 300 mb. and 250 rnh. 
Within each class interval the left  hand,  middle,  and  right har~tf 
columns  give,  respectively, the  frequencies for flights durirlg fall, 
winter, and  spring. 

tudinal  (dots) standard  deviations as a  function of time 
after  transosonde  release. The values  plotted  are  the 
means of the  standard  deviations (in  degrees  lat'itutle) 
determined separately  for  fall,  wint>er,  and  spring.  The 
lines in the  diagram  represent  the fit of the indicated 
analytic  expressions  tBo  these  values. I t  is seen that the, 
longitudinal standard  deviation increases  almost'  linearly 
with time  aft,er  release,  whereas the  latitudinal  standard 
deviation  increases  more  slowly  wit'h  some  evidence for 
the  superposition  upon the power  variation of a  small- 
scale sinusoidal fluctuation.  This  sinusoidal  fluctuation 
would be associated  with  t'he  t'endency for latitudinal 
bunching of the transosondes  as they  approach t'he mean 
trough  positions near  the  east  coasts of continents.  With 
the  aid of t,hese analyt'ic expressions the  standard dcvia- 
tions of position can  be  estimated  for t,ime  int'ervals  after 
transosonde  release  exceeding 4 days.  Figure 5 shows, by 
means of ellipses, the  areas  within which  these standard 
deviations indicate 50 percent of the  t'ransosondes would 
be located a given number of days  after release  from Japan. 
The ellipses are  centered on a  mean  wintertime  trajectory 
determined  from the 1957-59 transosorldc  flights  for the 
first 4 days following release and from  mean  300-mb.  maps 
prepared by Brooks [ 2 ]  for t'he remainder of the  t'rajcctory. 
This figure makes  more  obvious  the  great, dispersion in 
the  longitudinal  dirwtion  compared  with  the dispersion 
in  the  lat'itudinal  direct'ion  when  the flights are  grouped 
by season. As a re,sult', 10 days  after release it is csti- 
mated that  the  latitudinal  extremes of the ellipses woulcl 
not fall outside the zone of prevailing  westerlies,  whereas 
the  longitudinal  extremes  embrace  all of Eurasia. On 
the basis of earlier  transosonde  flights,  launched  from 
Minneapolis, Minn.,  and  Japan,  Edinger  and  Rapp [ 3 ]  
found larger  latitudinal  and  smaller  longitudinal  standard 
deviations of position as a  function of time  after release 
than found  here. 
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FIGL-RE 7.-Trarlsosonde-derived  wind speed  as a function of latitude 
for  the  three  seasons  and  the  mean of all  flights. 

4. MAGNITUDE OF VELOCITY  AND  AGEOSTROPHIC 
VELOCITY 

Transosonde-derived  wind  speeds  were  obtained from 
distances  between  smoothed  transosonde  positions 6 hours 
apart.  The  smoothed positions  were obtained  by the 
averaging of three successive latitude  and  longitude de- 
t'crminntions 2 hours  apart.  Figure  6 shows the distribu- 
tion by season of the 6-hour-average  wind  speeds so ob- 
t'aincd. For all  t'hree  seasons the speed  mode is 50-75 
knots.  However,  in mint'er 35 percent of the wind speeds 
exceed 100 knot's  whereas in fall and  spring  only  about 
23 percent of the speeds exceed this  value. I n  wint'er  5 
percent of t'hc  speeds exceed 150 knots.  This percentage 
would  doubtless  be  higher  except  for the considerable 
reduction  in  peak wind speeds  brought  about'  by  the use 
of 6-hour-average  winds  derived  from  smoot'hed positions. 

Figure 7 shows t'he  transosonde-derived  wind  speed as 
a function of latitude  for  the  three seasons and  the mean 
of all flight's. In the  mean  the wind  speed is shown  tBo be 
a maximum  just'  north of latitude 40'. Rather surpris- 
ingly,  during the fall  the  transosonde-derived  wind speeds 
are  strong&  far  to  the  north. J t  must,  be  remembered, 
however, that since the transosondes were launched from 
a, single location, they were sampling ridge  condit<ions in 
t,he north  and t'rough  conditions  in the  south. Since it 
has heen found  from the transosonde flight's that  in the 
average the speed is stronger  on ridges than  in troughs 
(fig. 1 I ) ,  a bias  easily may be  introduced. Along this line, 
it  may be rlot'ed that in  winter the t'ransosonde-derived 
wind  speed is a maximum  considerably north of latitude 
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FIGURE 8.,Transosonde-derived wind speed as a  function of longitude for the  three seasons and  the  mean of all  flights. 

30' where the zonal  geostrophic  wind appartnt'ly  has  its 
hemispheric  maximum [4]. This  could be a result of 
a  geostrophic  wind  bias  (wind  in the t'rough  always  sub- 
geostrophic),  the  fact' that  the transosondes  sample  ridges 
a t  latitude 40' and  troughs a t  latitude 30°, or  a  geographi- 
cal  bias due to  t'he comparison of winds over  a  port'ion 
of the hemisphere  with  winds  around  the  entire  hemisphere 

Figure 8 shows the  transosonde-derived  wind  speed  as 
a  funckion of longitude  for  t,he  three seasons and  the  mean 
of all  flights  as  determined  over  a  limited  latit'ude  range. 
Impressive is the  magnitude of the wind  speed  just  to  the 
east of Japan  during  the  winter.  However,  in  spring  the 
maximum wind  speed is located  near 165' W. rat,her  t'llan 
near  Japan. It is of interest  that'  from 180' longitude 
to  the west  coast of North America the wind  speed is 
nearly  the  same  during  all  t'hree seasons,  whereas tllc 
diagram  illustrates  the well-known fact  that  over  North 
America the wind  speed is great,er  in  wint'er than  in  fall 
or  spring. 

Figure 9 gives the  distribution of 12-hour-average 
"natural"  ageostrophic  components  obtained  from  t'he 
2 years of transosonde  flights.  These  components  were 
evaluated  through  t'he  equations of motion  utilizing  ac- 
celerations  derived  from  t'ransosonde  velocit,y  changes  in 
12 hours.  The  exact  manner  in which  these  cross-cont'our 
(V sin i )  and along-cont'our (V cos i- V,) components 
of the ageostrophic  wind are obt'ained from  transosonde 
data is  reported  in [ 5 ] .  For  both ageostrophic  com- 
ponents  the mode is 0-5 knots while about 4 percent of 
the cross-contour and 15 percent of the along-contour 
components of the ageostrophic  wind exceed 25 knots. 
In  the mean,  the  cross-contour  component, of the ageo- 
strophic wind is about t,wo-t'hirds  the  magnitude of the 

along-con tour  component.  From comparison of the  aver- 
age  values of these  ageostrophic  components wit.h the 
values of the wind  speed  shown  in  figure 6, it is estimated 
that'  in  the  average  the  ageostrophic wind is nearly  one- 
fourt'h  t'he  magnitude of the wind  itself. 

Of importance  in t>he study of the  meridional  momentum 
flux is the  product of zonal-meridional  wind  components 
and  their  geostrophic  and  ageostrophic  parts. Since  zonal 
and meridional  ageostrophic  velocity  components  are 
easily  obtained from  zonal and meridional  components of 
transosonde  acceleration,  t'he  transosondes offer a  feasible 
means  for  evaluating the contribut'ion of ageostrophic 
winds to  the  meridional  t'ransport of momentum.  Table 
1 gives the mean  seasonal  values  for  the  products of 
interest.  The  mean  value of the zonal-meridional wind 
product  for  the  2  years of data is 310 kt.2, corresponding 
t'o  a mean  correlation  between  zonal  and meridional wind 
components of 0.21. Integrating  around t'he  hemisphere 
at latit'ude 35' N. during  January,  Mintz [6] found an 
average  (geostrophic)  value of 285 kt.*. Especially  note- 
worthy  in  table 1 is the  sum of the  products involving 
ageost,rophic  terms, as shown  in the  next  to  the  last column 
These sums  are  almost 10 percent of the wind  products 

TABLE 1,"Magni tude  of zonal-meridional  wind  and geostroph,ic- 
ageostrophic wind products  derived f rom 2 years of transosonde 
flights (kt .2)  
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and spring. The zonal  wind and along-contour  component .40 

of the ageostrophic  wind are positively  correlated  in  all 
three seasons  (fall and  spring significant)  as are t'he  merid- 
ional  wind  and  the cross-contour comDonent of the 

V - J O  - V s i n  i Vcos i - V 9 

ageostrophic  wind (fall and  winter  significant). The 
correlation  between the two  ngeostrophic wind compo- 
nents is negative  in  fall  and  spring  and  slightly positive  in 
winter,  but none of the  correlations is significant.  Since, 
along an idealized wave-shaped trajectory,  the  meridional 
wind  component would be  a  maximum  at'  the  pre-trough 
inflection  point and  the along-contour  component of the 
ageostrophic wind would be a maximum  at'  the  t'rajectory 
crest,  the  relative  magnit'udes of the  above  correlations 
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the maximum  zonal  wind  and  maximum flow t'oward low 
pressure  occur  on the  average.  Based  on  such  reasoning, 
figure 11 shows that  during all  three  seasons  the  maximum 
zonal wind is located  about  halfway between  pre-trough 
inflection point  and  trajectory  crest while the  maximum 
flow toward low pressure  occurs near  the  pre-trough 
inflection  point, with  some  doubt as to whet'her it occurs 
just  upstream  from  or  just  downstream  from t'his  point. 

6. ESTIMATION O F  THE  MEAN TRANS-PACIFIC 
MERIDIONAL FLOW 

The existence of a mean meridional cell in  t'he  Tropics 
(Hadley Cell) has been confirmed by wind  measurements 
and  estimates of the  angular  momentum balance. How- 
ever,  the sense, or even  existence, of a meridional cell in 
temperate  latitudes  (Ferrel Cell) is still  in  dispute. It' is 
shown below how the changes in height' of a constant'- 
pressure  surface a t  successive transosonde  positions  per- 
mits  the estimation of the  mean meridional flow over t~ 
limited  portion of t'he  hemisphere. 

The change  in  height of a const'ant-pressure  surface dong 
a  transosonde  trajectory  can be estimated according to the 
equation 

where Az is the height  change following the  tran- 
sosonde, bz/& is the local  height  change  along  t'he 
trajectory, V2 and Vl are  transosonde  speeds  at.  two 
different  t,imes t2 and t,, g is the acceleration of gravit'y, 
u) is vertical  air  motion,  and bV/bz is vertical wind 
shear [9]. The  term  involving  the local  height'  change 

wind  component ( v ) ,  cross-contour flow (V sin i),  and along- 
cont,our component of ageostrophic  wind (V  cos i- V g ) .  

FIGCRE 11.-Positions along  schematic  wave-shaped  trajectory of 
maximum  zonal  wind  (horizontal arrows) and  maximum flow 
toward  low  pressure  (arrows  normal  to  trajectory) for fall (F), 
winter (W), spring (S), and  the  mean (M) of all flights. 

The  top row in  table 3 gives the change  in  height of the 
constant-pressure  surface  between  Iwakuni  and  the place 
where the transosonde  t'ransits 120' W. longitude which 
would  be  expected due  to  the  change  in speed along the 
individual  transosonde  trajectories  (middle  term  in  equa- 
tion (1)). Since the transosondes slow down while cross- 
ing  the Pacific,  one would expect the height of the  constant- 

TABLE 3.-Computed and observed trans-Pacific height  changes (in 
.feet) of constant  pressure  surfaces  along  transosonde  trajecfories  and 
derived mean  meridional  ageostrophic $ow 

may be  large  on  individual  flights, but since it is not  likely 
to have  an  average  much different  from zero for  flights 
released  almost randomly  from  Japan,  it will be  set  equal Iwakuni  derived  from change in 

to zero  in this discussion.  Moreover, while the  term  in- Height at  1200 W. minus  height at  

volving the vertical  velocity may be  important  along and  250mb. NAWAC maps ...... 

isolated  trajectory  segments, it was found  to  be of neg- (Japanese minus United States)." 

ligible magnitude  in  the  mean for many flights due  to  the computed height  difference.-..--- 

very  small  value  for  t'he  trans-Pacific  vertical  velocity (knots) ___._ ~ ............._....._-. 

determined by  the  adiabatic  method (0.1 cm. sec."). 

Height at 120O W .  minus height at  

transosonde  speed ... . _ _  .. -. ~ ~~ ~.. . 

Iwakuni  obtained from 300 mb. 

Height  discrepancy in radiosondes 

Observed  height diffeFeIICe minus 

Derived  mean  meridional flow 

h-umber of evaluations _...._...._ ~~. 
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pressure  surface at   the transosonde  position a t  120' W. 
to be  higher than  the  height  over  Iwakuni at   the time of 
transosonde  release, as shown in  the  top row of table  3. 
The second row  in  table 3 gives the average  observed 
height difference between  Iwitkuni  and  the place wlmc 
the transosonde transits 120' W.  as  obtained  fromNAWAC 
maps. It is most  surprising that in the  mean  the  height 
a t  Iwakuni is greater  than  that  at 120' W. in complete 
contradiction  with what would be  anticipated  from  the 
change  in  transosonde  speed. In the  mean  for all  flights 
the discrepancy  between what  is observed and  what would 
be computed  from the middle  term  in  equation (1) is 340 
feet. Part of this  discrepancy is due  to  the incompat'i- 
bility of United  States  and  Japanese radiosondes, as found 
at  Payerne  and  reported  by  Harmantas [lo]. According 
to  the  Payerne  tests,  the  Japanese 300-mb. and 250-mb. 
heights  should  average about 130 feet  more than those 
reported by  United  States  radiosondes. Since the exist- 
ence of a mean  floating  level  for the transosondes  slight'ly 
above the  constant-pressure  surface in  question was found 
to  have  no  influence  on  the  above  calculations, unless the 
incompatibility of Japanese  and  United  States  radio- 
sondes is greater  than  determined at  Payerne, t'he  above 
data suggest the presence of a mean  northward age- 
ostrophic flow a t  300 mb.  and 250 mb. above the Pacific 
Ocean of magnitude given by  the next to t'hc  last row in 
table 3. These  meridional  velocity  components  in  table 3 
were evaluated  by  determining  the  meridional displace- 
ment  corresponding to a given  pressure-height  change 
based on the average  meridional  distance  between  300-mb. 
and 250-mb. contours  as  estimated  from  the zonal com- 
ponent of transosonde  velocity.  Since it is not known 
what  transosonde  flights  over the remainder of the hemi- 
sphere would yield with  respect  to  the sense and  magnitude 
of meridional  ageostrophic flow, the resolution of the 
meridional-cell problem awaits  the extension of the flights 
to  Eurasia. 

7. TRANSOSONDE DENSITY A S  A FUNCTION OF 
TIME AFTER RELEASE 

For  the  purpose of studying  the  transosonde  density a 
given number of days  after release  for  transosondes  re- 
leased from the  same  point a t  different  times, the  number 
of transosonde  pairs a t  various  distances apart was deter- 
mined by season  for the 1957-59 transosonde  flights  from 
Japan.  The  approach resembles  Richardson's  distance- 
neighbor technique  except that,  instead of determining 
the  temporal  variation of the  distance  separating  pairs of 
air parcels in  the  air at   the same  time,  here we determine 
the  variation  with  time  since  release of the  distance  sepa- 
rating  pairs of transosondes  in the  air a t  different  times. 
Certainly  results  obtained  utilizing data of the  latter  type 
need not  be  representative of the result's  which would be 
obtained  using data of the former  type. 

Figure 12 shows the  percentage of possible transosonde 
pairs which were located  (within  &degree  latitude  bands) 
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FIGURE 12.--Distribution of distances:between all possible transo- 
sonde  pairs  as a function of time  in  days  after  their (non-simul- 
taneous) release. 
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FIGITRE 13,"Average  geographical  distance  between  all possible 
transosonde  pairs a given  number of days  after  release as a 
function of time  interval  between  release of transosondes  making 
up the  pair  (abcissa). 

a  given number of degrees latitude  apart a  certain  number 
of days  after release  from Japan,  as  obtained  by averaging 
the  result,s derived  for the  three seasons of fall,  winter, 
and  spring.  This  diagram shows, for example, that 1 day 
after  transosonde  release 23 percent of the possible transo- 
sonde  pairs  arc 10'-15' lat'itude  apart, while 4 days  after 
transosonde r'elease 8 percent of the possible pairs  are 
separated  by  this  distance.  Wit'h  an  average  error in 
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FIGURE 14.-Transosonde-derived winds plotted on NAWAC 250-mb. maps  between  November 1958 and  March 1959. Numbers in 
parenthesis give the  total  plottirlgs for each  month. 

percentage of 0.03 in the 20 plotted positions  given in 
figure 12,  the  percentage of possible transosonde  pairs (P)  
separated  by  a given number of degrees latitude (A!) a 
given number of days  aft'er  release  from Japan ( t )  is  given 
analytically by 

where dR is the  latitude  interval  under  consideration (5' 
in fig. 12). 

Differentiating  equation (2) with  respect  to R and  set- 
ting  the  resultant  equal  to zero it, is found  t'hat t'he most 
frequent  distance  (mode)  between  balloon  pairs ( R , )  is 
given by 

R,=8.8 ( 3 )  

where t is  in  days  and R, is in  degrees latitude.  Thus, 

7  days  after  transosonde release i t  is  estimated that  the 
most  frequent  separation of pairs of transosondes would 
be 45' of latitude  with,  from  equation  (2), 11 percent of 
the possible  transosonde  pairs  being  separated  by 40'-50' 
latitude. It is interestirlg that,  with  the replacement of 
the  time coefficient in  equation (3) by  the value 5.8, this 
equation  almost  exactly  satisfies the average  distance be- 
tween  700-mb.  geostrophic-trajectory  pairs  initiated  from 
a point a t  2-day intervals (similar to  the transosondes) 
during  the period  April-June  1948, as reported  in a paper 
by  Durst  et  al.  [Ill.  Thus  there is independent evidence 
in support of t8he power of tJhe  time  given  in  equation (3). 
Theoretical  considerat'ions  presented by  Durst e t  al.  indi- 
cate  that, if it is assumed that the autocorrelation coeffi- 
cient is exponent,ial in  form,  the  average  distance between 
trajectory  pairs  should  increase  nearly  linearly  with time 
initially  and increase  according to  the  square root of time 
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two or  more  days  after  initiation. If anything,  t'he ex- 
perimental results  suggest a quicker  trajectory  separation 
with time  than does the  theory  based  upon  the  assumpt'ion 
of an exponential  form  for the  autocorrelation coefficient. 

Integrating  equation (1) with  respect  to R it is found 
that  the percentage of possible transosonde  pairs  separat'ed 
by less than  the  distance R (PR) is given by 

4 s  
- 2% 

PR=2 e 

Thus, 7 days  after  transosonde release it would be esli- 
mated that 27 percent of the t~ransosonde  pairs would be 
separated  by less than 50" latitude  or, conversely, that 
73  percent of the transosonde  pairs  would  be  separated  by 
more than  this  amount. 

The  above  equations  are  not  exact since the average 
distance  between the elements of a  transosonde  pair  in- 
creases with  the  time  interval ( T )  between the release of 
the  transosondes  making up  the  pair (fig. 13).  However, 
if the  transosondes  are  released  more  t'han 6 days  apart 
there is little increase in  the average  separation  as  a  func- 
tion of time  between  release.  Since  t'he  result's  presented 
in figure 12 are  based  upon  seasonal  data,  the  average 
interval  between the release of the  components of a transo- 
sonde  pair  is  45 days. If the transosondes  had been re- 
leased in  quick succession  so that t'he  interval bet'ween 
transosonde  release  was, in  t'hc  average,  only 2 days  say, 
then a larger  percentage of the transosonde  pairs in figure 
12 would be  separated  by  smaller  distances. 

The above  analysis has application  to "silent area" 
problems. For example,  suppose that a pathfinder  balloon 
was at  a  certain  geographical  location 2 days  after release 
and  it was  desired  t'o  know the  probability of get'tirlg 
another  balloon, launched  from  the  same  site,  within loo 
latitude of this  location 2 days  after release.  According 
t o  figure 12 there would  be  only  a 13 percent  chance of 
getting a balloon within  the desired area unless the addi- 
tional  balloons were released  soon  aft'er  positioning of t'he 
pathfinder  balloon, in which case the  probability  might' 
jump  to 15  percent  or so. Thus, if seven  or  eight  addi- 
tional  balloons  were  released, in  the  average  it would be 
expected that one of these balloons would be within  the 
required area 2 days  after release. For  further extension 
in  time  and  space reference may be  had  to  equation (4). 
For example, this  equation would  suggest that  in  order  to 
get  a second balloon within 50" latitude of the  pathfinder 
balloon 7 days  after release, on  the average  four  additional 
balloons would have  to be  released. 

8. THE  USEFULNESS O F  TRANSOSONDE  DATA 
FOR  OPERATIONAL  WEATHER  ANALYSIS 

'b 

b 

FIGIiRE 15.-Percentage of 1957-1959 transosondes at 300 mb. and 
250 rnh. passing  through 5-degree latitude-longitude "boxes" 
within (from top to  bottom) one, two,  three,  and four days 
following release. 

Between November 1958 and  April  1959,6-hour-average 
transosonde-derived  winds were included in  the  transo- 
sonde  teletypewriter  messages  originating at  Pearl  Harbor, 
Hawaii and  Norfolk.  Va.  These  winds were Dlot,ted  in R. 



DECEMBER 1959 MONTHLY JT’EATHER  REVIEW 439 

routine fashion upon the NAWAC 250-mb. maps.  Figure 
14 shows the winds so plotted  during five of these‘ six 
months. A total of more  than 1000 transosonde-derivt.d 
winds  was plotted  during  this  5-month  interval,  providing 
a  rich  source of information  for  the  map  analyst  and fore- 
caster. Since the  tracking,  communications,  and  plotting 
procedures were only  operating a t  50 percent efficicllcy 
during  this  time, twice as  many winds could have been 
derived  from the flights. For the planning of any  future 
transosonde  operation it is desirable  to  know  what,  per- 
centage of the t’ime a transosonde  released  from  Iwakuni 
would pass  over a given  geographical  region and  provide 
meteorological data there.  Based  on the 1957-1959 
transosonde  flights at 300 mb.  and 250 mb., figure  15 
shows the percentage of transosondes  released which 
transited 5-degree latitude-longitude  “boxes”  within  a 
certain  number of days following release. This  diagram 
shows,  for  example, that  one-tenth of the transosondes 
released  from Iwakuni would within 3 days following 
release,  furnish  meteorological  information  within the 
5-degree latitude-longitude  “box”  embracing  most of 
Wyoming. It may be  noted  that  the  highest  percentages 
are  found  in  just  that  latitude  belt of the Pacific Ocean 
where  conventional  upper-air data  are  almost  totally  lack- 
ing. It seems certain that transosonde  releases  from 
Iwakuni,  Japan could  provide the  means  for  obtaining 
much-needed  upper-wind and  other  data over the Pacific 
Ocean. 

9. CONCLUSION 

Transosonde  flights yield data of importance  from  both 
the  operational  and  research  viewpoint.  Part of this 
importance resides in  the  ability of the transosondcs t’o 
fill in  the climat,ological  void in regions  where  conven- 
tional  upper-air data  are  sparse,  such  as  the Pacific  Ocean 
area. I n  this  paper we have  intentionally  presented 
climatological data  in  tmhe  Lagrangian  frame of reference 
with  the  hope  that  the meteorologist and climatologist 
may  thereby come to realize that  the  Eulerian-type  data 
now used exclusively is not t’he  only type of data  available 
and,  indeed, is perhaps  not  the  type of data which  is most 
desirable. It may well be that a  change  in  emphasis  from 

Eulerian  to  Lagrangian-type  data is the  step needed to 
achieve a higher  plateau of knowledge in  the field of 
meteorology. The t,ransosonde  system offers the  means 
by which this  change  in  emphasis  can be made  a  reality. 
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